Slope and Deflection of Beams
Loaded beams will deflect and the deflection will have a slope associated with it. This lecture will develop equations that will allow these two parameters to be found for a limited number of cases.
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From the bending equation = = we can write 1 = Now mathematically it can be shown that any curve plotted on x-y axes has a radius given by: 
Integrating again gives
A and B are constants of integration and are found by considering boundary conditions. Therefore, for the slope we have
and for the deflection we have
The main points of interest are the slope and deflection at the free end of the beam when = 0 Case 2 -Cantilever with uniformly distributed load (UDL)
The same method as that shown above can be used to show the following. Case 3 -Simply supported beam with concentrated load in the centre
Substituting into equation ( +
Boundary conditions are when = 0, = 0 and = 2 , = 0
Substituting second boundary condition into (5) gives
Substituting first boundary condition into (6) gives = 0
Therefore, for slope we have Again if we let = , we can write = − (34 mm)
Macaulay's Method
When the loading on a beam does not conform to 'standard loading' it becomes difficult to use the above double integral method. The reason for this is that some of the loads may be within the limits of x during the derivation of the bending moment, but not during the solution at a particular point along the beam. Macaulay's method makes it possible to do the integration necessary by placing all the terms containing x in square brackets and then integrate the bracket not just the x term. Any bracket that ends up negative during evaluation is ignored since this means that the load it refers to is not within the limit of x.
Let's consider a worked example.
For the loaded beam shown, determine the slope and deflection at its mid-point. Take 
m
Step 1 Calculate the value of the reactions, 1 = 35.71 kN, 2 = 34.29 kN
Step 2 Write down the bending moment equation with x on the extreme right-hand side as shown above. All terms containing x are placed within square brackets. Step 3 Integrate once
Step 4 Integrate a second time 
Step 4 Solving for A, we obtain a value of = −187400
Step 5 Solve for slope and deflection by substituting = 3.5 and ignore any brackets with negative terms by replacing it with a zero.
Therefore, for slope 
Beams with Distributed Load on Part of the Span
For mathematical continuity the loading must be continued to the right-hand end, and to maintain equilibrium it becomes necessary to insert upward loading as shown below.
At section X -X the bending moment will be:
The second and third terms being rejected when < and the third term when < ( + ). (1.6 mm) 4. Determine the value of which limits the deflection of the 2 m long beam to 2 mm at its free end.
It follows that

